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From Ancel, sept. 2001



Bio-logging

Example: accelerometry and pressure.

Taking off Flapping or gliding
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From Gilbert et al., Physiology and Behaviour 88: 479-488,
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uration: 1h30

Gilbert et al. (2006) Physiology and Behavior
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Ancel et al. (2009) Proc. Royal Society B
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-15°C

» Failure

Huddling emperor penguins

Specific metabolic rate

» Success

-15°C -10°C +20°C +37°C

Neutral

zone
Ancel et al. Nature 1997

Pinshow et al. Am. J. Physiol. 1976



Without an egg

15 avril 14 juillet

From Gilbert et al., Am. J. Physiol., 2006
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Mass of stomach content, kg

Penguin peptide

= 1600 '
c Conservation
S 1200
o
)
o T 800
)
'Y g
107 o 400 o
5 Digestion
) (3] 0 —————0———=——0
08T Early Middle End
* . Fasting
o o °
0.6,
e ¢ Effects on Aspergillus fumigatus
[ N J
e . 04
'Y o °
[_J
S, eo02 ° .
N (1] [ ] N
r O'Q ® [ ] °
® e ° ALY T

-30 -20 -10 0 10 20 30 40 50 60 70

Time between arrival from sea

and hatching, days Thouzeau et al., JBC, 278: 51053-51058, 2003
J

Gauthier-Clerc et al., Nature, 408: 928-929, 2000



Gf} [ Chicl—suiwival ]

Trade-off ‘

SN Sv—




Three phases during fasting:
- Phase | corresponds to the adaptation to a long fast.

- Phase ll is a long period where body protein contributes to
only 4% of the rate of energy expenditure.

- Phase lll is characterized by a further rise in body protein breakdown,
whereas significant lipid reserves are still available.

From Le Maho et al.,, Am. J. Physiol. 1976

The birds abandon their egg or chick when reaching the stage
of the shift from phase Il to lll.
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NPY mRNA

unités arbitraires

Fed P2 P3

Production of neuropeptide Y

Bertile et al., Biochem. Biophys. Res. Com. 2003

Suppression of apoptosis
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Habold et al., Scand. J. Gastroenterol. 2004 et Eur. J. Physiol. 2006



Are these behavioral
and physiological adaptations sufficient?

Will antarctic penguins
survive to climate change

according to IPCC scenarios?
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Flipper bands induce:

-Longer foraging trips

-A delay in breeding

-A lower proportion in breeding

-A drop of 40% in breeding success

-A drop of 44% adult survival over 10 yr

-A drop of 50% chick survival over 3yr

Saraux et al. (2011). Nature 469: 203-206.
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Annual Sea Surface Temperature (C°)
at the latitude 56°S and longitude 46°-56°E

Le Bohec et al. PNAS, 105: 2493-2497 (2008).



Scenarios for the future

Models of population
dynamics

/ N\

Prediction of sea ice (IPCC models) Prediction of number of couples



A bad time for long-lived specialized birds!

But what about generalists, i.e. more flexible birds?






Time in

water

Grémillet et al. Ecol. Lett. 4: 180-184, 2001



Main messages to take home:

- Severe cold is not a problem for penguins.
-Their main problem is the effect of climate
on the abundance and localization of the

prey on which they rely as specialist feeders.

-A slight warming of sea temperature is
sufficient to jeopardize their future.

-There is a better future for generalists.
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